Introduction
============

Pelvic organ prolapse (POP) is a major health concern for women in the reproductive and menopausal years. POP involves the decent of pelvic organ and the pelvic floor, caused by insufficiency of the fibrous connective tissue and striated muscles that form the pelvic floor ([@b1-ijmm-40-04-0987]). Fibroblasts and their product collagen are the main components within the connective tissue. The change in the number of fibroblasts in pelvic floor connective tissue may cause changes in the collagen content ([@b2-ijmm-40-04-0987],[@b3-ijmm-40-04-0987]), and the functionality of fibroblasts may also be related to a deficiency of collagen, which has been observed in patients with POP ([@b4-ijmm-40-04-0987]). The type, amount and degree of cross-linking of collagen contribute to the tension of the connective tissue. Collagen I specifically contributes to the tensile force of the connective tissue forming the pelvic floor, and is degraded by a family of enzymes called the matrix metalloproteinases (MMPs), whose expression levels are modulated by locally produced tissue inhibitors of metalloproteinases (TIMPs) ([@b5-ijmm-40-04-0987]). General speaking, changes in both the qualitative and quantitative properties of collagen have been linked to patients with POP ([@b6-ijmm-40-04-0987],[@b7-ijmm-40-04-0987]). In 1996, Jackson *et al* ([@b7-ijmm-40-04-0987]) demonstrated that genitourinary prolapse is associated with a reduction in total collagen content supporting the findings of another study ([@b8-ijmm-40-04-0987]). Kerkhof *et al* found that pyridinoline collagen cross-links which reflect the level of mature collagen in the prolapse site increased significantly, compared to the non-prolapse group ([@b9-ijmm-40-04-0987]). Vulic *et al* found there was increased expression of MMP-1 and decreased expression of collagen I in uterosacral ligaments of women with POP compared with non-POP women ([@b10-ijmm-40-04-0987]). Dviri *et al* concluded that the expression of MMP-1 and MMP-9 appears to be increased in tissues from women with POP ([@b11-ijmm-40-04-0987]). Wang *et al* demonstrated that TIMP-1 expression levels in a POP patient group were significantly lower than those in the control group ([@b12-ijmm-40-04-0987]). Thus, it is hypothesized that changes in the metabolism of collagen I are regulated by MMP-1 and TIMP-1, and other matrix metalloproteinases and its tissue inhibitors, are related to the physiopathology of POP.

Moreover, it has been confirmed that the metabolism of collagen can be impacted by advanced glycation end products (AGEs) ([@b13-ijmm-40-04-0987]). AGEs, the products of nonenzymatic glycation and oxidation of proteins and lipids, accumulate in diverse biological settings including: diabetes, inflammation, renal failure and aging. AGEs adjust the metabolism of target proteins through the receptor of advanced glycation end products (RAGE) ([@b14-ijmm-40-04-0987]), and activate an array of signal transduction cascades, such as MAPK, ROS, p38, NO and nuclear factor-κB (NF-κB). Together these pathways are involved in numerous biological functions including, but not limited to: skin aging, cardiovascular injury and remodeling, diabetes, inflammation and gingival hyperplasia ([@b15-ijmm-40-04-0987],[@b16-ijmm-40-04-0987]). In the context of skin aging, AGEs promote fibroblast apoptosis, inhibit the synthesis of collagen, and accelerate the degradation of collagen through the balance of MMP and TIMP ([@b17-ijmm-40-04-0987]), which may be similar to the metabolic change in collagen in connective tissue of the pelvic floor in POP.

Concerning the actual role of AGEs in the pathological physiology of POP, Jackson *et al* also found that both intermediate intermolecular cross-links and advanced glycation cross-links were increased in prolapsed tissue ([@b7-ijmm-40-04-0987]). Moreover, our previous study indicated that collagen I levels were decreased in prolapse tissue while the expression of AGEs in prolapse tissue was concomitantly increased. RAGE expression, however, was found to remain stable in pelvic tissue of prolapsed patients ([@b18-ijmm-40-04-0987]). Thus, we speculated that AGEs impact the metabolism of collagen in the pelvis through RAGE on the surface of fibroblasts and downstream pathways; however, the related mechanism remains to be elucidated, and there is no information concerning the role of AGEs and its receptor in POP. In the present study, we describe the metabolism of collagen I activated by AGEs through MMP-1, TIMP, and changes in p38 and NF-κB following AGE-RAGE interactions.

Materials and methods
=====================

The present study was approved by the Ethics Committee of the Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China. This study included two parts: i) the impact of AGEs on the metabolism of collagen I in human vaginal fibroblasts (HVFs) obtained from patients with POP. Six primary cultured HVF samples from 3 cases of POP (51, 71 and 65 years of age, respectively), and 3 cases of non-POP (55, 57 and 70 years of age, respectively), were collected. The protein expression of collagen I, MMP-1, TIMP-1 and RAGE were chosen for study; ii) the mechanism involved in the impact of AGEs on the metabolism of collagen I in primary cultured HVFs; the molecules, RAGE, p38 MAPK and NF-κB were selected for study.

Reagents
--------

Anti-collagen I (sc-136154), anti-AGE (ab23722) antibody, anti-RAGE monoclonal antibody (sc-365154) and anti-vimentin monoclonal antibody were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). AGE protein (ab51995), anti-MMP-1 (ab119922) and anti-TIMP-1 (ab28261) and were purchased from Abcam (Cambridge, MA, USA). Anti-RAGE siRNA were purchased from GenePharma Co., Ltd. (Shanghai, China). SB203580 (inhibitor of p38 MAPK) was purchased from Selleck Chemicals (Houston, TX, USA) and PDTC (inhibitor of NF-κB) was purchased from Beyotime Biotechnology (Shanghai, China). Transfection reagent Lipofectamine^®^ 2000 was purchased from Invitrogen™ Life Technologies (Carlsbad, CA, USA). Anti-p-p38 MAPK antibody (\#9211), anti-p38 MAPK antibody (\#9212), anti p-p65 NF-κB antibody (\#3033) and anti p65 NF-κB antibody (\#3034), were all purchased from Cell Signaling Technology (Danvers, MA, USA).

Culture and identification of the primary fibroblasts
-----------------------------------------------------

Human fibroblasts derived from the vaginal wall were obtained from patients suffering from POP or other diseases who required hysterectomy at the Obstetrics and Gynecology Hospital of Fudan University. All subjects provided informed consent which was signed accompanied by an Operation Consent Form prior to surgery. Briefly, fresh vaginal wall tissue specimens from the surgical margin of the free womb were washed in phosphate-buffered saline (PBS) (containing 1% penicillin, streptomycin, amphotericcin B) at 4°C for 5 min for 3 times, and digested at 37°C for 30 min with PBS containing 2% collagenase. Following isolation, the cells were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM) (containing 10% fetal bovine serum, 1% penicillin, streptomycin, amphotericcin B) in 5% CO~2~ at 37.5°C, with replacement of the mediun every 2--3 days. HVFs were identified by anti-vimentin antibody staining and subsequently stored in liquid nitrogen for further study ([@b19-ijmm-40-04-0987],[@b20-ijmm-40-04-0987]).

Cell counting assay
-------------------

HVFs were thawed and allowed to recover for 72 h, and the cell counting per dish was affirmed by an automatic cell counting apparatus (Bio-Rad TC10TM; Bio-Rad Laboratories, Hercules, CA, USA) after pre-stage test. Then the cells were fixed using 10% trichloroacetic acid at 60 min at 4°C. After discarding the supernatant, the plates were washed with deionized water 5 times and dried at room temperature. Fifty microliters of sulforhodamine B solution (0.4% sulforhodamine B dissolved in 0.1% acetic acid) was added to the cells followed by 30 min of incubation. Unbound sulforhodamine B was washed with 1% acetic acid, and the plates were air-dried. One-hundred fifty microliters of 10 mM Tris-base (pH 10.5) was added to each well, and the plates were shaken gently for 20 min on a plate shaker. The absorbance of each well was determined using a microplate reader (Tecan, Männedorf, Switzerland) at 560 nm ([@b21-ijmm-40-04-0987],[@b22-ijmm-40-04-0987]).

Western blot analysis
---------------------

Collagen I, RAGE, MMP-1, TIMP-1, p38, p-p38, p65 and p-p65 were detected in the vaginal tissues (50 mg) which were cut into small fragments and were ground by hand in a glass homogenizer on ice. Ten microliters of phenylmethanesulfonyl fluoride was added followed by 1000 *μ*l RIPA lysis buffer \[50 mM Tris-HCl, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 2 mM NaF, 2 mM ethylenediaminetetraacetic acid (EDTA), 0.1% sodium dodecyl sulfate (SDS) and a protease inhibitor cocktail tablet\] a few minutes later, and the proteins were separated by SDS-polyacrylamide gel and transferred to PVDF membranes by electrophoresis. Membranes were blocked overnight at 4°C in protein blocker (Bio-Rad Laboratories). The membranes were exposed to the primary antibody at a dilution of 1:500 for 12 h at 4°C. After three washes with PBST, the membranes were hybridized with HRP-conjugated anti-mouse or ant-rabbit IgG antibody. Protein bands were visualized by enhanced chemiluminescence (ECL; Amersham Pharmacia, Piscataway, NJ, USA), and relative intensities of the protein bands were analyzed using ImageJ software \[National Institutes of Health (NIH), Bethesda, MD, USA\].

Measurement of mRNA expression by quantitative (real-time) PCR (qPCR)
---------------------------------------------------------------------

Total RNA was isolated from human vaginal wall tissues using the Total RNA Extraction Miniprep System (Promega, Madison, WI, USA) according to the manufacturer\'s instructions. The PCR were established according to the instructions provided by Applied Biosystems (Foster City, CA, USA). In brief, first-strand cDNA was synthesized using 1 *μ*g of total RNA and the First-Strand cDNA synthesis kit (Invitrogen). For qPCR, 12 *μ*l of cDNA solution was mixed with 0.5 *μ*mol/l primers, 5 mmol/l magnesium chloride and 2 *μ*l of Master SYBR-Green in nuclease-free water with a final volume of 20 *μ*l. The primers used for PCR were collagen I, forward, 5′-GTGCGATGACGTGATCTG TGA-3′ and reverse, 5′-CGGTGGTTTCTTGGTCGGT-3′; MMP-1, forward, 5′-GGGGCTTTGATGTACCCTAGC-3′ and reverse, 5′-TGT CACACGCTTTTGGGGTTT-3′; TIMP-1, forward, 5′-CTT CTGCAATTCCGACCTCGT-3 ′ and reverse, 5′-ACGCTGGTATAAGGTGGTCTG-3′; RAGE, forward, 5′-GTGTCCTTCCCAACGGCTC-3′ and reverse, 5′-ATTG CCTGGCACCGGAAAA-3′. PCR amplification was performed using the following cycling conditions: 95°C for 30 sec, then 40 cycles at 95°C for 5 sec followed by elongation at 60°C for 20 sec. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an endogenous control against which the different template values were normalized. All PCR reactions were performed in duplicate. The threshold cycle (Ct) method was used for quantification. Relative quantification of the genes was performed by using the ΔΔCt approach.

Silencing of AGE, RAGE, MAPK and NF-κB cell signaling pathways using siRNA interference and inhibitors
------------------------------------------------------------------------------------------------------

HVFs were cultured in DMEM for 2 days post-recovery from deep freeze. The cells were treated with a RAGE-targeting siRNA expression system, which included four sequences siRNA-1, 5-GAGUAUCUGUGAAGGAACAtt-3; siRNA-2, 5-UGU UCCUUCACAGAUACUCtt-3; siRNA-3, 5-AUCUAC AAUUUCUGGCUUCtt-3; and control, 5-GUUCUCCG AACGUGUCACGUtt-3. These siRNAs were chemically synthesized, purified and annealed by GenePharma Biotechnology (Shanghai, China), which were designed to target the coding sequence of RAGE, as previously described ([@b23-ijmm-40-04-0987]--[@b25-ijmm-40-04-0987]). Both the control and vector containing siRNAs were transfected into fibroblasts using Lipofectamine 2000. The efficiency of siRNA delivery was determined by western blotting as previously described ([@b26-ijmm-40-04-0987]). SB203580 was used to inhibit MAPK at 10 *μ*M ([@b27-ijmm-40-04-0987]), while 10 *μ*M PDTC was used to inhibit NF-κB ([@b28-ijmm-40-04-0987]).

Statistical analysis
--------------------

Data are expressed as means ± SE. One-way ANOVA was used to determine significant differences between the POP group and non-POP group; p\<0.05 was assigned as criterion for significance for western blotting and PCR assays, using SPSS 16.0.

Results
=======

Part 1 results
--------------

### Identification of HVF cultures

Six primary cultured HVF samples from 3 cases of POP (51, 71 and 65 years of age, respectively), and 3 cases of non-POP (55, 57 and 70 years of age, respectively), were collected. Primary cultured fibroblasts were identified by anti-vimentin antibody ([Fig. 1](#f1-ijmm-40-04-0987){ref-type="fig"}).

### Impact of AGEs on HVFs

The cell counting assay demonstrated that the proliferation of the primary cultured fibroblasts was inhibited by AGE protein at various concentrations (0, 25, 50, 75, 100 and 150 mg/ml; 48 h) ([Fig. 2A and B](#f2-ijmm-40-04-0987){ref-type="fig"}) and incubation times (0, 12, 24, 48, 72 and 96 h; AGEs, 50 mg/l) ([Fig. 2C and D](#f2-ijmm-40-04-0987){ref-type="fig"}). Proliferation of HVFs in the POP groups (25 mg/l) was more readily inhibited than that noted in the non-POP groups (25 mg/l). At the same various treatment time (0, 12, 24, 48, 72 and 96 h; AGEs, 50 mg/l), the effect of AGEs on the proliferation of HVFs was analogous between the POP and non-POP groups.

### Effect of AGEs on the metabolism of collagen I in HVFs by western blotting

To assess the effect of AGEs on the metabolism of collagen I in HVFs, the expression levels of collagen I, MMP-1, TIMP-1 and RAGE were evaluated by western blotting ([Fig. 3](#f3-ijmm-40-04-0987){ref-type="fig"}). Following treatment with various concentrations of AGEs (0, 25, 50, 75, 100 and 150 mg/ml; 48 h), the expression of collagen I in the POP group was decreased (inversely correlating with the concentration of AGEs) as compared to control levels (p\<0.05) ([Fig. 3A](#f3-ijmm-40-04-0987){ref-type="fig"}). In contrast to these findings, expression of MMP-1 in the POP group was increased relative to the control group (p\<0.05), with increasing concentrations of AGEs ([Fig. 3B](#f3-ijmm-40-04-0987){ref-type="fig"}). The expression of TIMP-1 in POP was lower than that in the non-POP group, and no significant changes occurred in both groups with increasing concentrations of AGEs ([Fig. 3C](#f3-ijmm-40-04-0987){ref-type="fig"}). No significant change in the expression of RAGE was observed among the groups ([Fig. 3D](#f3-ijmm-40-04-0987){ref-type="fig"}). Across various time-points (0, 24, 48, 72 and 96 h; AGEs, 50 mg/l), there was no significant difference in the expression tendency of collagen I, MMP-1, TIMP-1 and RAGE between the POP and non-POP groups (P\>0.05) ([Fig. 4](#f4-ijmm-40-04-0987){ref-type="fig"}).

### Effect of AGEs on the metabolism of collagen I in HVFs by qPCR

To examine the effect of AGEs on the metabolism of collagen, HVFs were harvested at various time-points (0, 1, 2, 4, 16, 24 and 48 h). There was a peak in RNA transcription (including collagen I, MMP-1, TIMP-1 and RAGE) detected at 4 h after treatment with the AGEs (50 mg/l) in the POP group, but also at 16 h in the control group ([Fig. 5](#f5-ijmm-40-04-0987){ref-type="fig"}). Our results demonstrated that HVFs in the POP group were more sensitive to AGEs than the control group. We compared the difference in metabolism of collagen I under various AGE concentrations between two groups at 4 and 16 h of treatment, respectively. At 4 h, the mRNA expression of collagen I and TIMP-1 in the POP group was significantly decreased as compared to the mRNA expression in the control group (blank, AGEs, 0 mg/l) with the increasing concentration of AGEs (p\<0.05) ([Fig. 6A and C](#f6-ijmm-40-04-0987){ref-type="fig"}). However, the expression of TIMP-1 decreased more significantly in the POP than in the non-POP group. MMP-1 mRNA expression increased up to a concentration of 50 mg/l AGEs in the POP group, and then decreased ([Fig. 6B](#f6-ijmm-40-04-0987){ref-type="fig"}). No significant changes in RAGE mRNA expression were observed between the 2 groups ([Fig. 6D](#f6-ijmm-40-04-0987){ref-type="fig"}). At 16 h, the level of collagen I in both the POP and non-POP groups increased firstly and then decreased, respectively with the increasing concentrations of AGEs; the change tendency in the level of TIMP-1 and RAGE in the 2 groups, respectively was analogous to those changes observed at 4 h. Similarly, the mRNA expression of MMP-1 in the POP group was also similar to those results observed at 4 h ([Fig. 7](#f7-ijmm-40-04-0987){ref-type="fig"}).

Part 2 results
--------------

### Identification and inhibition of signaling molecules of p38 MAPK, NF-κB-p65 and RAGE

Following treatment with AGEs (50 mg/l), no significant changes were observed in the expression of p38 MAPK and NF-κB-p65, as detected by western blot analysis in the HVFs. Notably, phosphorylation products increased in the fibroblasts from patients with POP. p-p38 increased to maximum levels at 16 min post-treatment and decreased soon afterwards, while the levels of p-p65 peaked at 60 min ([Fig. 8](#f8-ijmm-40-04-0987){ref-type="fig"}). We selected 3 siRNAs (1, 2 and 3) to silence RAGE. The blocking efficiency of siRNA2 was higher than that of the other siRNAs, and was subsequently used for all downstream applications ([Fig. 9](#f9-ijmm-40-04-0987){ref-type="fig"}). The fibroblasts were cultured at 12,500, 9,000 and 7,000 cells/dish using a 6-well plate with 2 ml DMEM, and a series of volumes of Lipofectamine 2000 and siRNA2; the blocking efficiency of siRNA2 for RAGE was evident (p\<0.05) when using a 6-well plate with 2 ml DMEM, 7.5 *μ*l Lipofectamine 2000 and 7.5 *μ*l siRNA2 ([Fig. 10](#f10-ijmm-40-04-0987){ref-type="fig"}). Due to cell death by Lipofectamine 2000, which can affect sequence treatment, 9,000 cells/dish were employed appropriately.

Investigation of the RAGE, MAPK and NF-κB signaling pathways in the HVFs by western blot analysis
-------------------------------------------------------------------------------------------------

### Detection of p38 MAPK

In the HVFs from patients with POP, the levels of -p-p38 MAPK increased following AGE treatment (50 mg/l); however, this effect was reversed following the inhibition of RAGE by siRNA. These results suggest that while AGEs can activate p-p38 MAPK, this process is RAGE-dependent. In HVFs from non-POP patients, the levels of p-p38 MAPK were not significantly affected by AGE treatment, which highlights a POP-specific p-p38 MAPK and AGE connection ([Fig. 11](#f11-ijmm-40-04-0987){ref-type="fig"}).

### Detection of NF-κB-p-p65

In the HVFs from the POP and non-POP groups alike, the levels of NF-κB-p-p65 were increased following treatment with AGEs, and these decreased following siRNA-mediated RAGE-inhibition. These results suggest that AGE-RAGE interactions affect target proteins through NF-κB-p-p65. Notably, the p-p65 levels were not affected by the inhibition of p-p38, suggesting that NF-κB activation is not a result of a linear activation of AGE/RAGE/MAPK signaling ([Fig. 12](#f12-ijmm-40-04-0987){ref-type="fig"}).

### Detection of collagen I and MMP-1

Collagen I and MMP-1 were detected when RAGE, MAPK and NF-κB were blocked in various combinations. In the HVFs from patients with POP, the protein expression of collagen I decreased following AGE treatment (50 mg/l) ([Fig. 13](#f13-ijmm-40-04-0987){ref-type="fig"}), but increased to varying degrees after the molecular or pharmacological inhibition of RAGE, MAPK or NF-κB. In the HVFs from the non-POP group, there were no significant changes observed following the same treatment modality. For MMP-1 metabolism, the opposite trend as compared to collagen I was observed ([Fig. 13](#f13-ijmm-40-04-0987){ref-type="fig"}).

### Ivestigation of the RAGE, MAPK and NF-κB signaling pathways in HVFs by qPCR

To identify changes in the RAGE/MAPK/NF-κB pathway when it was affected by AGEs, the mRNA levels of target collagen I and MMP-1 were evaluated. In both the treated and control groups, collagen I mRNA levels decreased after the signaling pathways were activated by AGEs (50 mg/l) and increased following pathway (RAGE, MAPK and NF-κB) inhibition. The effect was more pronounced using combinations of inhibitors rather than a single inhibitor. For MMP-1, the mRNA expression was increased following treatment with AGEs, and decreased following treatment with the inhibitors ([Fig. 14](#f14-ijmm-40-04-0987){ref-type="fig"}).

Discussion
==========

HVFs play an important role in the pathophysiology of pelvic organ prolapse (POP), which controls the integrity of collagen, and thereby impacts the mechanical properties of the pelvic floor ([@b8-ijmm-40-04-0987]). Primary culture of HVFs is commonly used to evaluate the connective tissue of POP. In the present study, fibroblasts were successfully cultured from vaginal tissue, and then identified by anti-vimentin antibody. Considering vaginal fungi, amphotericin B was added to the DMEM culture media. This method was simple and highly efficient and the cells remained stable following recovery from long-term freeze.

Previous research has described the impacts of AGEs on fibroblast proliferation. Research has reported that AGEs promote the proliferation of fibroblasts ([@b29-ijmm-40-04-0987]), but others demonstrated that AGEs induced the apoptosis of fibroblasts or inhibited proliferation ([@b30-ijmm-40-04-0987]). In the present study, the cell counting of HVFs treated by AGEs was detected by sulforhodamine B. With increasing concentrations of AGEs, fibroblast proliferation from the POP patient group was significantly inhibited, suggesting that fibroblasts in POP were more likely to be inhibited. These results explain why the number of fibroblasts in the pelvic floor of POP is reduced ([@b31-ijmm-40-04-0987]).

In skin aging and gingival hyperplasia, AGEs can regulate the metabolism of collagen by the AGE-RAGE pathway. In this manner, synthesis of collagen I can be inhibited, degradation can be promoted, and apoptosis of fibroblasts can be induced ([@b32-ijmm-40-04-0987],[@b33-ijmm-40-04-0987]). It still remains unclear how AGEs impact collagen metabolism in the pelvis of POP. In this study, secretion of collagen I, MMP-1 and TIMP-1 was increased gradually in both control and treated groups as time increased in accordance with a previously study ([@b18-ijmm-40-04-0987]).

Notably, the content of collagen I was decreased more gradually with increasing concentrations of AGEs in the patient group than that in the control group, which suggests that new collagen I in POP is inhibited weakening pelvic connective tissue repair. In keeping with these findings, other groups have shown that MMP-1 expression, which can accelerate collagen I degradation, is increased in pelvic tissue from POP ([@b12-ijmm-40-04-0987],[@b18-ijmm-40-04-0987]). In this study, MMP-1 expression was more pronounced in the POP group than that in the control group. We also found that TIMP-1 levels were unaffected in both groups. This suggested that TIMP-1 could not exert a protective effect in the face of elevated MMP-1 expression. While the expression and structure of RAGE have been shown to be an important contributor to many diseases, including diabetic nephropathies ([@b34-ijmm-40-04-0987]), no changes were observed in POP vaginal tissues ([@b18-ijmm-40-04-0987]). This result suggests that AGEs regulate the metabolism of collagen through RAGE-binding. These results were further confirmed by qPCR data. Firstly, the levels of mRNA of collagen I, MMP-1 and TIMP-1 under various incubation times were tested, and peak mRNA levels were observed at 4 h in the POP group, but 16 h in the control group. This suggests that POP HVFs are more sensitive to AGEs than non-POP cells. Secondly, the level of mRNA under various concentration gradients was tested at 4 and 16 h, respectively. Irrespective of the time-point, the change in mRNA in the POP group was more readily detected than in the control. It was interesting to note that the change in TIMP-1 mRNA was similar (in trend) to that of collagen I, gradually decreasing in the face of increasing levels of AGEs. Notably, in spite of these trends, TIMP-1 protein expression remained stable suggesting a possible mechanism dependent on post-translational modifications. Similarly, RAGE mRNA and protein levels were unaffected suggesting that AGEs function through an AGEs/RAGE-dependent pathway.

Characterization of AGE/RAGE pathway activation and downstream signaling was an important objective in this study. Previous studies have suggested that AGE/RAGE signaling involves numerous signaling pathways including: eNOS, NAD (P) H-ROS, p21RAS-MAPK, p38 MAPK, Cdc42-Rac and NF-κB. We chose to specifically evaluate p38 MAPK and NF-κB-p65 signaling pathways ([@b35-ijmm-40-04-0987],[@b39-ijmm-40-04-0987]). Phosphorylation targets MAPK p39 and NF-κB-p65 increased substantially following treatment with AGEs, but the non-phosphorylated products remained stable, indicating that phosphorylated products participate in the metabolism of collagen I.

To characterize downstream cell signaling pathways, we inhibited specific cell signaling molecules alone or in combination. We inhibited RAGE using an siRNA-based strategy, validating our results using western blotting. Of the three siRNAs evaluated, siRNA2 was most effective. Furthermore, we optimized the transfection conditions. Specifically we addressed a number of concerns including the number of cells and the amount of transfection reagent both of which greatly impact the transfection efficiency and cell viability, respectively. In contrast to this siRNA-based approach we pharmacologically inhibited MAPK (SB203580) and NF-κB (PDTC) and validating the effectiveness of this approach by western blotting. In the POP group but not the control cells, p-p38 was activated by AGEs but this effect was reversed by siRNA. p-p65 could not be activated after RAGE was inhibited, but was activated after p-p38 was inhibited in the two groups. These results clarify that AGEs can activate NF-κB through RAGE and downstream cell molecules besides p-p38 in POP-derived cells. We also found that both collagen I and MMP-1 expression could be modulated by activation and inhibition of these pathways. When treatment with AGEs was utilized, the expression of collagen I was inhibited, while MMP-1 was activated; when RAGE was silenced by siRNA and p-p38 was blocked by SB203580, the suppression of collagen I was recovered, but MMP-1 was inhibited; and the control group remained stable.

In the last part of this study, the mRNA synthesis of target proteins of MMP-1 and collagen I was detected after three signaling molecules were blocked in various combinations. General speaking, the mRNA expression trends matched those observations made at the protein level by western blotting. On the one hand, the result of PCR highlighted the impact of AGEs on the AGE, RAGE, MAPK and NF-κB signaling pathways which are involved in the synthesis and degradation metabolism of collagen, and may explain the reason why collagen I was decreased in the vaginal tissue of POP. On the other hand, there are multiple factors which can affect the complicated process from binding of receptor to protein secretion, and therefore innumerable additional factors may have confounded/impacted the interpretation of these results.

In conclusion, AGEs can affect the metabolism of collagen through RAGE, but not directly through changes in expression or structure. AGEs activate p-p38 MAPK and NF-κB-p-p65 pathways, thereby regulating collagen metabolism, although other pathways may also participate. Taken together, our study provides enhanced understanding of the mechanism through which AGEs contribute to collagen metabolism in pelvic tissue of POP and the pathophysiology of POP.

This study was supported by grants from the Science and Technology Commission of Shanghai Municipality (no. 124119a500); the General Program of National Natural Science Foundation of China (no. 81671439).

![Human vaginal fibroblasts (HVFs) cultured and identified by immunohistochemistory. The primary cultured fibroblasts in vaginal wall of pelvic organ prolapse (POP) patients are shown. HVFs were identified by an antibody against anti-vimentin: (A) magnification ×100 and (B) ×400.](IJMM-40-04-0987-g00){#f1-ijmm-40-04-0987}

![Comparison of the effects of advanced glycation end products (AGEs) on the proliferation of human vaginal fibroblasts (HVFs). The effects were detected by sulforhodamine B. (A and B) Proliferation curves of HVFs of pelvic organ prolapse (POP) and the control group cultured under different concentrations of AGEs (at doses of 0, 25, 50, 75, 100 and 150 mg/l, 48 h). (C and D) Proliferation curves of HVFs of POP and the control group cultured for various time periods (treatment time, 0, 12, 24, 48, 72 and 96 h, at 50 mg/l). \'POP-1, 2, 3\' belong to the POP groups\' \'non-POP-1, 2, 3\' belong to the control groups. Proliferation of the HVFs of the POP groups was more easily inhibited than that of the control groups.](IJMM-40-04-0987-g01){#f2-ijmm-40-04-0987}

![Treatment with advanced glycation end products (AGEs) was shown to affect the expression levels of collagen I, matrix metalloproteinases-1 (MMP-1), tissue inhibitor of metalloproteinase-1 (TIMP-1) and receptor of advanced glycation end products (RAGE) in human vaginal fibroblasts (HVFs) by western blot analysis. (A) Representative western blots; (B--E) Protein levels of collagen I, MMP-1, TIMP-1 and RAGE, respectively. HVFs of pelvic organ prolapse (POP) and control groups were cultured under different concentrations of AGEs (at the dose of 0, 25, 50, 75, 100 and 150 mg/l, respectively, 48 h). Data are presented as the means ± SEM. ^\*^p\<0.05 vs. control (0 mg/l). ^\#^P\<0.05 as compared with POP group.](IJMM-40-04-0987-g02){#f3-ijmm-40-04-0987}

![Treatment with advanced glycation end products (AGEs) for different culture times (treatment time, 0, 24, 48, 72 and 96 h) was shown to impact the protein expression levels of collagen I, matrix metalloproteinase-1 (MMP-1), tissue inhibitor of metalloproteinase-1 (TIMP-1) and receptor of advanced glycation end products (RAGE) in human vaginal fibroblasts (HVFs) by western blotting. HVFs of pelvic organ prolapse (POP) and control were cultured under different culture times. The expression levels of collagen I, MMP-1, TIMP-1 and RAGE are shown.](IJMM-40-04-0987-g03){#f4-ijmm-40-04-0987}

![Treatment with advanced glycation end products (AGEs) was shown to impact the mRNA expression of (A) collagen I, (B) matrix metalloproteinase-1 (MMP-1), (C) tissue inhibitor of metalloproteinase-1 (TIMP-1) and (D) receptor of advanced glycation end products (RAGE) by real-time PCR in human vaginal fibroblasts (HVFs). mRNA expression of collagen I, MMP-1, TIMP-1 and RAGE cultured under AGEs (50 mg/l) for different culture times in HVFs of pelvic organ prolapse (POP) and non-POP groups. The culture times were 0, 1, 2, 4, 8, 16, 24 and 48 h, respectively. Peak mRNA levels occurred at 4 h after AGE treatment in the POP groups, and 16 h in the control groups respectively. Data are presented as the means ± SEM (n=3), ^\*^p\<0.06 compared to the control (blank, 0 mg/l) in their own group, respectively.](IJMM-40-04-0987-g04){#f5-ijmm-40-04-0987}

![Effects on the mRNA expression of (A) collagen I, (B) matrix metalloproteinase-1 (MMP-1), (C) tissue inhibitor of metalloproteinase-1 (TIMP-1) and (D) receptor of advanced glycation end products (RAGE) at 4 h after treatment with advanced glycation end products (AGEs). mRNA expression of collagen I, MMP-1, TIMP-1 and RAGE was detected by real-time PCR after human vaginal fibroblasts (HVFs) of pelvic organ prolapse (POP) and control group were cultured with AGEs at different concentrations (0, 25, 50, 75, 100 and 150 mg/l, respectively). (A-D) Collagen I, MMP-1, TIMP and RAGE groups, respectively. Data are presented as the mean ± SEM (n=3), ^\*^p\<0.05 compared to the control (0 mg/l) in their own group, respectively.](IJMM-40-04-0987-g05){#f6-ijmm-40-04-0987}

![Effect on the mRNA expression of (A) collagen I, (B) matrix metalloproteinase-1 (MMP-1), (C) tissue inhibitor of metalloproteinase-1 (TIMP-1) and (D) receptor of advanced glycation end products (RAGE) at 16 h after treatment with advanced glycation end products (AGEs) is shown. mRNA expression of collagen I, MMP-1, TIMP-1 and RAGE was detected by real-time PCR after human vaginal fibroblasts (HVFs) of pelvic organ prolapse (POP) and control group were cultured under AGEs at different concentrations (0, 25, 50, 75, 100 and 150 mg/l, respectively). (A-D) Collagen I, MMP-1, TIMP and RAGE, respectively. Data are presented as the mean ± SEM (n=3), ^\*^p\<0.06 compared to the control (0 mg/l, respectively).](IJMM-40-04-0987-g06){#f7-ijmm-40-04-0987}

![Change in (A) MAPK and (B) nuclear factor-κB (NF-κB) expression in human vaginal fibroblasts (HVFs) following treatment with advanced glycation end products (AGEs) at different times (0, 8, 16, 30 and 60 min respectively for MAPK; 0, 0.5, 1, 2 and 4 h, respectively for NF-κB). Data are presented as the mean ± SEM (n=3) (n=3). ^\*^p\<0.05 compared to the control (0 min or hour, respectively).](IJMM-40-04-0987-g07){#f8-ijmm-40-04-0987}

![Ttransfection of siRNA with fluorescence and receptor of advanced glycation end products (RAGE) expression in human vaginal fibroblasts (HVFs) transfected with different siRNAs. (A) Images in white and green light after transfection. (B and C) Western blot and histogram of RAGE expression after transfection. Data are presented as the mean ± SEM (n=3), ^\*^p\<0.05 compared to the control (blank). All the signals were obtained from the same membrane.](IJMM-40-04-0987-g08){#f9-ijmm-40-04-0987}

![Quantity of siRNA2 added to dishes with different amount of cells in DMEM. Dish with (A) 12,500, (B) 9,000 and (C) 7,000 cells. Data are presented as the mean ± SEM (n=3). ^\*^p\<0.05 compared to the control (blank). All the signals were obtained from the same membrane.](IJMM-40-04-0987-g09){#f10-ijmm-40-04-0987}

![Detection of p-p38 MAPK after receptor of advanced glycation end products (RAGE) was blocked by siRNA for 16 min. The concentration of advanced glycation end products (AGEs) was 50 mg/l, and the quantity of siRNA was 7.5 *μ*l/dish with 2 ml DMEM. Data are presented as the mean ± SEM (n=3). ^\*^p\<0.05 compared to the control (treatment 1, respectively). All the signals were obtained from the same membrane. The numbering of the bars ([@b1-ijmm-40-04-0987]--[@b4-ijmm-40-04-0987]) is the same as that in the top](IJMM-40-04-0987-g10){#f11-ijmm-40-04-0987}

![Detection of Nf-κB-p-p65 after receptor of advanced glycation end products (RAGE) was blocked by siRNA and p38 was inhibited by SB203580 for 1 h. The concentration of advanced glycation end products (AGEs) was 50 mg/l, and SB203580 was 10 *μ*M. Data are represented as the mean ± SEM (n=3). ^\*^p\<0.05 compared to the control (treatment 1, respectively). All the signals were obtained from the same membrane. The numbering of the bars ([@b1-ijmm-40-04-0987]--[@b6-ijmm-40-04-0987]) is the same as that in the top](IJMM-40-04-0987-g11){#f12-ijmm-40-04-0987}

![Detection of collagen I and matrix metalloproteinase-1 (MMP-1) after receptor of advanced glycation end products (RAGE), p38 and p65 were blocked by siRNA (7.5 *μ*l/dish), SB203580 (20 *μ*M) and PDTC (10 *μ*M), respectively, or in combination. The concentration of advanced glycation end products (AGEs) was 50 mg/l, and siRNA was added after AGE treatment for 48 h. The blocking time was 48 h. Data are presented as the mean ± SEM (n=3). The numbering of the bars ([@b1-ijmm-40-04-0987]--[@b9-ijmm-40-04-0987]) is the same as that in the top. ^\*^p\<0.05 compared to the control (blank,respectively).](IJMM-40-04-0987-g12){#f13-ijmm-40-04-0987}

![mRNA expression of collagen I and matrix metalloproteinase-1 (MMP-1) was detected by real-time PCR. Human vaginal fibroblasts (HVFs) were cultured with advanced glycation end products (AGEs) (50 mg/l) and cell signaling was blocked by siRNA, SB203580 and PDTC, respectively, or a combination. The quantity of siRNA2 \[blocker of receptor of advanced glycation end products (RAGE)\] was 7.5 *μ*l/dish with 2 ml DMEM, the concentration of SB203580 (inhibitor of MAPK) was 10 *μ*M, PDTC \[inhibitor of nuclear factor-κB (NF-κB)\] was 20 *μ*M. siRNA was added after AGEs treating for 48 h, the block time was 24 h.](IJMM-40-04-0987-g13){#f14-ijmm-40-04-0987}
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